Amaryllidaceae species are known as ornamental plants. Some contain galanthamine, an acetylcholinesterase inhibitor. The chemical composition of the alkaloid extract of bulbs of Nerine bowdenii Watson has been analyzed by means of GC/MS. Twenty-two compounds were detected and nineteen of them identified, one of which was belladine. The alkaloid extract showed promising cholinesterase inhibitory activities against human blood acetylcholinesterase (HuAChE; IC 50 = 87.9±3.5 μg/mL) and human plasma butyrylcholinesterase (HuBuChE; IC 50 = 14.8±1.1 μg/mL). Belladine inhibited HuAChE and HuBuChE in a dose-dependent manner with IC 50 values of 781±12.5 μM and 284.8±4.2 μM, respectively.
Alzheimer´s disease (AD) is the most common form of dementia. Epidemiological data indicate a considerable potential increase in the prevalence of the disease over the next two decades [1] . Although the pathogenesis of AD is complicated and not fully established, two major hypotheses (amyloid cascade and cholinergic) are currently under consideration regarding the molecular mechanism.
In AD patients, deficit of cholinergic functions, which results in decreased levels of the neurotransmitter acetylcholine (ACh) in the cortex, is responsible for the memory impairments [2a] . The principal role of acetylcholinesterase (AChE) is the termination of nerve impulse transmission at the cholinergic synapses by rapid hydrolysis of ACh. Inhibition of AChE serves as a strategy for the treatment of AD, senile dementia, ataxia, myasthenia gravis, and Parkinson´s disease [2b] . In the healthy brain, AChE is the most important enzyme regulating the level of ACh, while another enzyme, butyrylcholinesterase (BuChE) plays only a minor role. Moreover, in late AD stages, levels of AChE have declined by up to 85% and BuChE represents the predominant cholinesterase in the brain. BuChE, primarily associated with glial cells, but also with specific neuronal pathways, cleaves ACh in a manner similar to that of AChE to terminate its physiological action [2c] . Galanthamine, which is used for the treatment of AD, has been shown to be much less potent against BuChE than AChE [2d] . This fact has targeted BuChE as a new approach to intercede in the progression of AD and requires research into new inhibitors with dual enzymatic activity. Currently, cholinesterase inhibition is the most used therapeutic treatment for the symptoms of AD [2e, f].
Extracts from plants belonging to the Amaryllidaceae family have long been used as herbal remedies. These plants are known to synthesize a particular type of bioactive compound known as Amaryllidaceae alkaloids [3] . Some species of this family contain galanthamine, a long-acting, selective, reversible and competitive acetylcholinesterase inhibitor, as well as other alkaloids with interesting pharmacological activities, such as anticancer, antiviral, antimalarial, anti-inflammatory and antiparasitic [4a-e] . Among the bulbs of Amaryllidaceae plants screened previously for AChE inhibitory activity, Nerine bowdenii showed strong inhibition [5a,b] .
The genus Nerine, the second largest within Amaryllidaceae with ca 30 species, is an autumn-flowering perennial bulbous plant group, whose species inhabit areas with summer rainfall and cool, dry winters [6] . Previous investigations led to the isolation of more than 30 Amaryllidaceae alkaloids. Some of these have been tested for their acetylcholinesterase inhibitory activity, but only ungeremine and undulatine showed interesting inhibition activity with IC 50 values of 0.35 µM [7a] and 37 µM [7b], respectively. In both studies acetylcholinesterase from electric eel was used.
The ethanolic extract of N. bowdenii bulbs exhibited significant HuAChE and HuBuChE inhibition activity (61.5% ± 4.0% for HuAChE and 89.8% ± 5.2% for HuBuChE, respectively) at a concentration of 500 μg/mL, thus indicating the presence of cholinesterase inhibitors in this plant taxon. The crude extract from the bulbs was concentrated into an alkaloid fraction and, as expected, this possessed a promising activity with an IC 50 value of 87.9 ± 3.5 μg/mL for HuAChE and 14.8 ± 1.1 μg/mL for HuBuChE (values for reference compounds: belladine 781 + 12, galanthamine 6.9 ± 0.3, huperzine A 0.25 ± 0.01 μg/mL for HuAChE, and 285 ± 5, 156 ± 2.9, > 500 μg/mL, respectively, for HuBuChE).
In order to identify the compounds in the complex alkaloid fraction of N. bowdenii bulbs, capillary GC/MS was employed. In the bulb extract, twenty-two alkaloids of the crinine, lycorine, belladine and haemanthamine types were detected by GC ( Fig. 1) ; nineteen of them were identified based on their retention times (RT) and mass spectra as buphanisine (1, 2) , crinine (3), belladine (4), caranine (5), N-demethylbelladine (7), acetylfalcatine (8), buphanidrine (9), buphanamine (10), crinamine (11), powelline (12), undulatine (15), 11-O-acetylambelline (16), ambelline (17), 3-acetylnerbowdine (18), crinamidine (19), bowdensine (20), and 11-O-acetyl-1,2-epoxyambelline (21) ( Table 1) . Compound 2 showed a longer retention time than buphanisine (1) by GC-MS, but its MS pattern was the same, indicating that it is an isomer of 1. Compounds 13, 14 and 22 remained unidentified.
Considering the low concentration of 13 and 14 (< 1% of TIC) and the complexity of the alkaloid mixture, their isolation and structural elucidation could be problematic. The mass spectrum of compound 22 was not found either in the databases or in the literature. For the identification of this compound, one of the major components of the alkaloid extract (6.8% of TIC), isolation in larger amount and structure elucidation is needed. The haemanthamine and crinine series of Amaryllidaceae alkaloids only differ in the position of the 5,10b-ethano bridge [8a] . The alkaloids of belladine type, which are biosynthetic precursors of Amaryllidaceae alkaloids [8b], have been previously reported only in the genera Nerine (N. filifolia) and Crinum [8c,d] . For N. bowdenii, belladine (4) and Ndemethylbelladine (7) are reported here for the first time, which is quite surprising when considering their domination of the alkaloid mixture and the number of previous phytochemical investigations of the species. Alkaloids of the lycorine type (5, 6 and 8) were identified only as minor components in the mixture. The relative proportion of each alkaloid was determined as a percentage of the total ion current. The alkaloid pattern of bulbs of N. bowdenii was dominated by belladine (4; 49.9 % of TIC), ambelline (17; 9.1 % of TIC) and N-demethylbelladine (7; 8.5 % of TIC).
A wide range of Amaryllidaceae alkaloids belonging to various ring types has been evaluated in recent studies for their in vitro AChE inhibitory activity with either galanthamine or physostigmine as a positive control [7b, 9a-c] . Results of these studies showed that the AChE inhibitory activity is associated mainly with galanthamineand lycorine-type alkaloids. The lycorine-type compounds are less active inhibitors than the galanthamine type and their activity is associated with a substitution at positions C-1 and C-2 [9d]. Crinine-type alkaloids have only a weak activity against AChE and it appears that the stereochemistry of the 5,10b-ethanobridge has no effect on the inhibition of AChE activity [9c]. In comparison with our previous studies on other Amaryllidaceae plants, such as Zephyranthes robusta [9e], Z. grandiflora [9f] and Chlidanthus fragrans [9g], the alkaloid extract from N. bowdenii showed the weakest AChE inhibition activity, which is in agreement with the above mentioned conclusions, because galanthamine-type alkaloids were not detected and the lycorine-type alkaloids represented only a minor fraction (2.9 % of TIC). The alkaloid extracts of Z. robusta, Z. grandiflora and Ch. fragrans were dominated by galanthamine-and lycorine-type alkaloids, and consequently the HuAChE inhibition activity of these extracts was markedly stronger. On the other hand, the extract of N. bowdenii showed promising inhibition activity against HuBuChE with an IC 50 value of 14.8 ± 1.1 μg/mL. As mentioned, BuChE plays an important role in the late AD stages, but only a limited number of alkaloids have been tested for their BuChE inhibitory activity so far. There are no data on BuChE inhibition activity of pure Amaryllidaceae alkaloids.
Relatively surprising was the weak cholinesterase activity of the isolated alkaloid belladine (4), previously isolated only from N. filifolia [8c], in comparison with the alkaloid extract due to its dominant amount in the mixture (49.9% of TIC) of N. bowdenii, and the very good HuBuChE inhibition activity of this extract. It is clear that the BuChE inhibition activity of N. bowdenii must be connected to some compound/compounds present in a smaller amount. The isolation and identification of this/these alkaloids will be the next step in searching for new bioactive natural compounds with BuChE inhibition activity.
Experimental

Plant materials:
The fresh bulbs of Nerine bowdenii were obtained from Lukon Glads (Sadská, Czech Republic). The botanical identification was performed by Prof. Lubomír Opletal, CSc. A voucher specimen is deposited in the Herbarium of the Faculty of Pharmacy at Hradec Králové.
Extraction of alkaloids:
Fresh bulbs (150 g) were extracted 3 times with EtOH (150 mL) at room temperature for 24 h. The solvent was evaporated under reduced pressure and the residue dissolved in 50 mL 2% HCl. After removing the neutral compounds with diethyl ether (3 x 50 mL), the extract was basified with 25% ammonia solution and the alkaloids extracted with EtOAc Amaryllidaceae alkaloids from Nerine bowdenii Natural Product Communications Vol. 6 (12) 2011 1829 (3 x 50 mL). The organic solvent was evaporated and 10 mg of alkaloid extract was removed for HuAChE and HuBuChE assay. 10 mg of the dry alkaloid fraction was dissolved in MeOH to a final concentration of 10 mg/mL for further analysis. The rest of the fraction (180 mg) was used for the isolation of pure alkaloids. 
GC/MS analysis and identification of alkaloids:
Preparation of red blood cell ghosts:
Ghosts were prepared from freshly drawn blood (taken from healthy volunteers), to which 1 mL of sodium citrate per 10 mL of blood was added, according to the method of Steck and Kant [11a] , with slight modification. Briefly, plasma (HuBuChE) was removed from the whole blood by centrifugation at 4000 rpm in a Boeco U-32R centrifuge with a Hettich 1611 rotor. Red blood cells were transferred to 50 mL tubes and washed 3 times with 5 mM phosphate buffer (pH 7.4) containing 150 mM sodium chloride (12000 rpm, Avanti J-30I, rotor JA-30.50). The washed erythrocytes were stirred with 5 mM phosphate buffer (pH 7.4) for 10 mins to ensure lysis. The lysed cells were centrifuged at 20,000 rpm for 10 mins and then the ghosts (HuAChE) were washed 3 times with phosphate buffer.
Acetylcholinesterase and butyrylcholinesterase assay:
HuAChE and HuBuChE activities were determined using a modified method of Ellman et al.
[11b] at concentrations of 0. 5, 2.5, 5, 12.5, 25, 50, 125, 250 and 500 μg/mL using acetylthiocholine iodide and butyrylthiocholine iodide as substrates, respectively. Galanthamine and huperzine A were used as positive standards. The % inhibition was calculated according to the formula: %I = 100-(∆A BL /∆A SA )*100, where ∆A BL is increase of absorbance of blank sample and ∆A SA the increase of absorbance of the measured sample.
